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Alterations in salivary parameters may increase the caries risk in diabetic children, but, contradictory data on this issue have
been reported. The aims of this study were to compare salivary parameters (flow rate, pH and calcium concentration) between
healthy and type 1 diabetes mellitus (T1DM) individuals. The sample consisted of 7- to 18-year-old individuals divided into two
groups: 30 subjects with T1DM (group A) and 30 healthy control subjects (group B). Fasting glucose levels were determined.
Unstimulated and stimulated saliva was collected. The pH of unstimulated saliva was measured with paper strips and an
electrode. Calcium concentrations in stimulated saliva were determined with a selective electrode. Group A individuals had
inadequate blood glucose control (HbA1C >9%), with means ± SD unstimulated salivary flow rate of 0.15 ± 0.1 mL/min compared
to 0.36 ± 0.2 mL/min for group B (P < 0.01). Stimulated salivary flow rate was similar by both groups and above 2.0 mL/min. Saliva
pH was 6.0 ± 0.8 for group A and significantly different from 7.0 ± 0.6 for group B (P < 0.01). Salivary calcium was 14.7 ± 8.1 mg/
L for group A and significantly higher than 9.9 ± 6.4 mg/L for group B (P < 0.01). Except for elevated calcium concentrations in
saliva, salivary parameters favoring caries such as low saliva pH and unstimulated salivary flow rate were observed in T1DM
individuals.
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Introduction
Diabetes mellitus (DM) is a group of metabolic diseases characterized by high blood glucose levels due to
problems in insulin secretion or insulin action, or both. As
a result, chronic hyperglycemia with frequent disorders of
carbohydrate metabolism can be associated with obesity,
protein and electrolyte disorders, and other diseases (1).
The number of children with type 1 and 2 diabetes is
increasing in many countries. Gillespie et al. (2) pointed
out that the proportion of high-risk children increased in the
last 50 years, supporting the hypothesis that the rise of
type 1 diabetes is due to a major environmental effect. A
decade ago, the prevalence of type 1 diabetes among
children under 15 years of age in the Americas was esti-
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mated at 88,000, with 40% of the cases in Latin America
and the Caribbean (3). In spite of the lack of recent epidemiological surveys of DM, the Brazilian estimate is 5 million
diabetic patients. Even though only 10% of these cases
are type 1, this is the most common type affecting children
(4,5).
There is evidence that diabetic patients have saliva
secretion and composition different from non-diabetic subjects (4). However, the literature contains contradictory
results (6-11). Siudikiene et al. (7) reported that both
unstimulated (resting) and stimulated salivary flow rates
are reduced in diabetic patients, whereas Lopez et al. (8)
reported that only unstimulated salivary flow is reduced. In
contrast, Belazi et al. (6), Swanljung et al. (9) and Edblad et
al. (10) did not find any significant differences in salivary
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flow rates between diabetic and non-diabetic individuals.
Mata et al. (11) demonstrated higher salivary calcium
concentrations in diabetic individuals than in healthy subjects. Conversely, Lopez et al. (8) observed lower salivary
calcium concentrations in diabetic patients. Reuterving et
al. (12) and Edblad et al. (10) did not find any difference
between normal and diabetic children regarding calcium
concentrations in saliva. There are reports indicating that
diabetic patients have more acidic saliva (8,11,13), whereas
others have not reported this difference (10,12). It is still
not clear whether caries risk can be higher in diabetic
pediatric patients due to affected salivary factors as compared to controls (9,14). In addition to the contradictory
report, salivary parameters should be measured in diabetic children because most clinical trials have been carried out on adults with periodontal disease (15). Thus, the
aim of this study was to compare salivary parameters (flow
rate, pH and calcium concentration) of healthy and type 1
diabetes mellitus (T1DM) Brazilian children and adolescents.

Material and Methods
Sixty patients aged 7 to 18 years comprised the sample
and were divided into two groups: A) 30 T1DM patients
selected at a public health pediatric endocrinology service
in João Pessoa, Brazil, and B) 30 (gender-matched, male/
female 15/15) healthy individuals selected from a public
school. Children of both groups were from the same neighborhood reflecting the same social strata. The parents of
all subjects who participated in the study gave written
informed consent. The research protocol was approved by
the Human Research Ethics Committee of the Federal
University of Paraíba (Protocol #209-B).
Glucose salivary concentration was determined with a
glucosimeter (Accu-Chek Advantage, Roche Diagnostica
Brasil, Brazil). The upper limit of fasting glucose concentration considered to be normal was 100 mg/dL. For capillary glucose, normal values were considered to be those
below 140 mg/dL (5). For group A, glycosylated hemoglobin (HbA1C) data were also obtained from the patient’s
medical records.
The subjective experience of xerostomia was diagnosed by means of the question: “Do you feel that your
mouth is dry frequently?”
Saliva was always collected 2 h after the last meal and
at the same time of day (2:00 pm). This was done to
standardize the collections according to the circadian
rhythm (16). The subjects were also requested to refrain
from any oral hygiene prior to saliva collection. The unstimulated and stimulated salivary flow rates and saliva pH
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were determined immediately after collection. Unstimulated saliva samples were obtained by having the volunteers spit into plastic vials following the procedures proposed by Navazesh et al. (17,18). The stimulated salivary
flow was determined with the aid of 2% citric acid according to the technique described by Fox et al. (19). Low
unstimulated (≤0.1 mL/min) and stimulated salivary (≤0.5
mL/min) flow was classified according to the standards
reported by Bolwig and Rafaelsen (20) and Sreebny and
Valdini (16). Aliquots of stimulated and unstimulated saliva
were collected into plastic vials and frozen (-20°C) until
analysis for calcium level determination.
Saliva pH was determined immediately after collection
of the unstimulated saliva samples in order to avoid any
time-related pH changes or loss of CO2. The analyses
were performed using a pH electrode connected to a
potentiometer (Orion 710A, Orion Research Inc., USA)
after calibration at pH standards of 4.0 and 7.0. For 10
samples with very low volume (<100 μL), pH was determined with the aid of a “narrow range” pH paper strip
(Merck, Germany). Calcium concentrations in stimulated
saliva were determined with a calcium selective electrode
(Orion 93-20, Orion Research Inc.) together with a potentiometer (Orion 710A, Orion Research Inc.) calibrated at
calcium standards of 1.25, 2.50, 5.00, 12.50, and 25.00
mg/L in an ionic strength adjuster following manufacturer
recommendations. Taking into account all standards, only
calibration curves with 5% less than variation and r ≥0.99
were accepted. The reproducibility of sample analysis was
good since, by applying the Nernstian slope of 28 mV/
decade at 25°C, a potential drift of less than 0.2 mV/h was
observed between duplicate samples. Prior to the analysis, saliva samples were thawed and centrifuged for 3 min
at 7000 g.
Differences between means were determined by the
Student t-test using the Statistical Package for Social
Sciences version 11.0 (SPSS Inc., USA). The association
of salivary parameters and glucose levels was analyzed by
the Pearson product-moment correlation coefficient. An
alpha value of 0.05 was selected a priori as an indicator of
statistical significance. The minimum sample size required
was previously estimated at 26 subjects in each group
based on the salivary calcium levels observed in a pilot
study (N = 6).

Results
All data are reported as means ± SD. Mean capillary
glucose concentrations were 216.6 ± 119.5 mg/dL and
91.0 ± 15.9 mg/dL for groups A and B, respectively. For
group A, mean fasting glucose concentration was 211.5 ±
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Table 1. Salivary parameters in children with type 1 diabetes mellitus and healthy controls.
Type 1 diabetes mellitus
Age (years)
Glycemia (mg/dL)
Unstimulated salivary flow (mL/min)
Stimulated salivary flow (mL/min)
pH
Calcium concentrations (mg/mL)

13.17
216.6
0.15
2.32
6.0
14.71

±
±
±
±
±
±

2.7 (7-18)
119.5* (70.0-510.00)
0.10* (0-0.40)
1.0 (0.40-4.60)
0.8* (5.0-6.9)
8.1* (3.55-41.70)

Healthy controls
11.23
91.0
0.36
2.5
7.0
9.91

±
±
±
±
±
±

2.7 (7-150)
15.9 (3.5-41.7)
0.2 (0.03-1.0)
1.2 (0.85-5.35)
0.6 (6.2-8.0)
6.4 (1.98-27.31)

Data are reported as means ± SD and range within parentheses for 30 subjects in each group. *P <
0.05 compared to healthy controls (Student t-test).

136.8 mg/dL and mean HbA1C was 9.34 ± 1.9%. Half of the
individuals in group A showed high glucose levels (HbA1C
>9%) indicating poor metabolic control of diabetes mellitus.
The mean value of unstimulated salivary flow for group
B was more than 2-fold higher than group A, whereas there
was no significant difference between groups regarding
the mean values of stimulated salivary flow (Table 1).
Nineteen T1DM individuals (63%, group A) complained of
dry mouth, whereas none of the healthy control subjects
(group B) complained. Two patients in group B showed
sign of hyposalivation (<0.2 mL/min) but did not complain
of dry mouth. Fourteen T1DM patients were diagnosed
with hyposalivation and 3 of them had lower stimulated
salivary flow (>0.5 mL/min). Mean saliva pH was 6.0 ± 0.8
and 7.0 ± 0.6 for groups A and B, respectively. Mean
calcium concentration in saliva was significantly higher for
group A than for group B (Table 1).
Salivary parameters and capillary glucose concentrations were not associated. A positive association was
detected between capillary glucose concentrations and
calcium concentrations in saliva (N = 60, Pearson’s r =
0.27, P < 0.05).

Discussion
In the present study, T1DM patients presented a significant decrease in unstimulated salivary flow. Moreover,
dry mouth was a major complaint of many T1DM patients.
These observations are similar to those reported by
Siudikiene et al. (7) and Lopez et al. (8). A reduction of
unstimulated salivary flow rate may reflect the presence of
outlying neuropathy in T1DM patients, with an implication
in the control of saliva secretion (4,14,16,21). Dehydration
may cause irreversible structural changes in the salivary
glands of T1DM patients (22). However, in the present
study, dehydration and peripheral neuropathy were not
observed. Even though a detailed evaluation was not
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carried out, the very low unstimulated saliva rates (<0.1
mL/min) observed suggest salivary gland hypofunction
(16,18). The low unstimulated salivary flow in young T1DM
patients is particularly relevant since this condition is usually more frequent among old adults and is an indication of
a high caries risk in T1DM children (7,23,24).
No differences in unstimulated salivary flow rates between T1DM and healthy control subjects have been observed in some clinical studies (7-9,19). However, differences in saliva collection techniques, glucose metabolic
control methods, degrees of patient dehydration, and the
wide age span in some studies can limit direct comparisons. In our study, saliva was collected in the afternoon
due to operational reasons. Lower salivary flow values are
more likely to occur early in the morning compared with
late morning hours and afternoon collections (25). Thus,
our values may have underestimated the number of patients with hyposalivation even though the influence of a
circadian rhythm on the saliva flow of individuals with
hyposalivation is still a matter of debate (26).
The low saliva pH of T1DM patients is strong evidence
of reduced buffer salivary capacity and increased caries
risk. Certainly, the low unstimulated salivary flow contributed to the low pH values observed, but factors not explored in this report, such as plaque accumulation and
microbiological shift to a more cariogenic biofilm, are also
significant variables (7). The stimulated salivary measurements may reflect the saliva produced during meals (26).
Our data on stimulated salivary flow showed no specific
trend, though lower values were found among T1DM patients (Table 1).
Lopez et al. (8) found low calcium concentrations in the
saliva of T1DM patients compared to controls. A recent
study showed no significant differences in calcium electrolyte concentrations (median values close to 10.0 mg/L)
between healthy, controlled diabetic patients and uncontrolled diabetic patients (21). Unfortunately, the wide range
of concentrations observed (from 0 to 34.5 mg/L) and the
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small number of subjects in the subgroups (less than 12)
do not permit a conclusion to be made. In a study with 60
diabetic patients, Mata et al. (11) observed higher calcium
concentrations (>50 mg/L) in the saliva of DM patients than
in matched healthy controls. The high sensitivity of the
atomic absorbance spectrophotometer technique used to
measure calcium electrolytes in saliva cannot be disregarded. This technique can measure strong protein-calcium binding complexes and it is certainly much more
sensitive than the specific ion electrode and probably more
sensitive than the TLC photometer used by Reznick et al.
(21). On the other hand, the ion-specific electrode directly
measures free ionic calcium in saliva, which is of clinical
relevance for the development of caries (27).
Calcium concentrations in blood can be lower in diabetic patients compared to normal controls. This effect
may be related to renal problems such as impaired absorption and altered calcium excretion into urine. As a result,
salivary calcium can also be altered. Therefore, high urine
and salivary calcium concentrations are expected to occur
in patients with endocrine complications that induce trace
element disturbances (28). This may explain the weak but
positive correlation between capillary glucose concentration and calcium concentration in saliva reported in the
present study.
A positive relationship between salivary flow rate and
calcium concentrations is expected to occur (29). Calcium
concentration is about 45% higher in the submandibular
glands than in the parotid glands. However, high calcium
concentrations in saliva may be related to the parotid
glands more than to other salivary glands (29). In fact,

Mata et al. (11) observed higher calcium concentrations in
stimulated saliva than in unstimulated saliva of diabetic
patients. Thus, for the T1DM patients of our study, daily
intra-oral calcium concentrations might be lower than the
values measured for stimulated saliva. Unfortunately, due
to the small volume of the unstimulated saliva samples, the
calcium analysis was not performed.
Our cross-sectional study design does not allow a
detailed analysis of the caries risk in these patients. Nevertheless, the low unstimulated salivary flow rate values
compared to the healthy controls can be regarded as a
negative factor to be considered when assisting diabetic
children. Elevated calcium concentrations in saliva can be
regarded as a favorable indicator for the oral health of
these patients. In addition, T1DM children can be careful
about their diet, which can be a positive aspect. On the
other hand, these favorable variables may not be sufficient
to cope with a constant low salivary pH in patients with
insulin-dependent diabetes mellitus. How much calcium is
of clinical relevance for these patients? Certainly, other
variables such as dental plaque accumulation associated
with poor salivary parameters can counteract the beneficial calcium effect.
Finally, our data support the view that an appropriate
evaluation of salivary clinical parameters, such as salivary
flow rate and buffer capacity, is recommended when assisting diabetic children. These data can be obtained by
simple techniques (17). An adequate oral hygiene program with exposure to fluoride and frequent use of artificial
saliva can be of the utmost importance for controlling
development of caries in diabetic patients.
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